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THE EFFECT OF SALT SOLUTIONS ON GERMINATION. 


I. Introduction. 

The relation between the growth of plants and concentration 
of solutions has been studied a greet deal. Among those who | 
have contributed to this subject are:- Jarius ('86), Jentys (* 66). 
Stange ('92), Vandevelde ('97) and others. the results obtained 


by these investigators are far from being concordant. 


1.- Investigations of Vandevelde. 

The experiments of Vandevelde are especially interesting 
and have been considerably referred to in the general literature 
relative to the effect of concentration of solution on germina- 
tion end growth. 

His results as obtained by treating the seeds of the com- 
mon pea, Pisum sativum, are so difficult to correlate that it 
was deemed profitable to repeat his experiments with the view of 
correcting or explaining the irregularities. He soaked the seeds 
for 24 hours in solutions of common salt varying from 1 per cent 
to 35 per cent and then placed them in pans for germination. 


His results may be noted as follows: - 


Gh per cent of seeds that germinated, I, the mean inter- 
vel elapsing in deys before one half of the seeds germinated and 


% = per cent of solution. 
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wee Rry” 
fine a ei 


a i yt ra 


2. 
% 6% I % Gh I 
1 98. 2.1 19 4.00 6.7 
2 97.17 3.7 CE ee 
3 85.17 4.0 oe. 5.85)" 8.0 
4 34.50 4.6 eet) 1 60) yr Baé 
5 32.66 4.8 say eyed 3688 
6 16.83 5.0 22 4.00 6.8 
7 15.33 5.2 ce Gee BS 
g 14.83 5.3 glint. BO. 6.3 
9 12.66 5.4 Fe ee 
10 12.46 ee Oe a 
11 7.00 6.6 Som tm, 89) 667 
12 10.00 aes 30 10.33 6.5 
13 8.50 6.8 BE A.85 6.8 
14 7.19 6.3 ce ee 
15 4.50 6.7 33 25.00 6.3 
16 6.88 Fak ee an 
17 4.76 a6 Se 56.83 7.0 


18 3.535 6.2 
The results as presenteé@ in this table, are discussed by 
Davenport as follows:- As the concentration increases from one 
per cent to fifteen percent, the percentage of germination dimin- 
ishes from 98 to 4.5 and the mean germination interval increases 
from 2.1 days to nearly 7 near which point it remains at all 
higher concentrations. From 15 per cent to 29 per cent the per- 


eentage of germinations fluctuate so irregularily between 6.8 


and 0.83 that within these limits it may be considered eonstent. 
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As the concentration increases from 29%, instead of the seeds all 
peing killed or failing to germinate we have the interesting re- 
sult that the percentage of germinating individuals rises rapidly | 
from 4 to 56. Vandevelde hazards the following explanation of 
this result: "Dilute solutions are easily absorbed; the more con- 
eentrated the solution, the smaller the power of diffusion. In | 
@ saturated solution the seeds do not swell and the action of the 
surrounding medium is less injurious." 

The apparatus used by Vandevelde for germinating the seeds 


consisted of porus clay plates which were covered with flannel 


strips dipped in water and laid in zine containers or boxes. ‘the 
whole apparatus was placed in wooden chests, which were kept in 


@ cellar at a fairly uniform temperature. 


2 — =? Methods e 
In repeating the experiments of Vandevelde it was found 
best to modify his methods as follows:- All seeds were soakeé 


before germination either in distilled water or in a salt solu- 


tion of definite concentration. 
Tose soaked in distilled water served as checks; the others 
in salt solutions varying from one per cent to thirty-five per | 
cent. The apparatus first used consisted of a covered pan fur- 
nished with moist filter paper on which were placed the seeds for 
germination. This method seemed to work very well for seeds 
soaked in weak solutions, but for solutions of higher concentra- 
tion, in which delayed, the seeds would mold before germinating. 


Hence a method was sought that would prevent this. Zurich ger- 


minating dishes were next used, but with no better success. Next,| 


ewer a ere eT 


— 


& 


a pan with a piece of towling stretched across it was set in a 
larger pan containing water. The free ends of the towling dipped 
into the water and maintained the supply of moisture. The seeds 
were placed on the cloth and another pan inverted over the one 
containing the water. 

Te seeds which remained hard after being in the germinating 
pans tor five or six days were removed, soaked in tap water for 
24 hours. It was found that the per cent of germination of these | 
seeds is not in the least affected by the treatment with salt 
solution of high concentration. 

The experiments were conducted for a time in the laboratory 
at ordinary room temperature. The temperature fluctuated so much 
that it was found necessary to conduct the experiments in a room 
of relatively constant temperature. 

Another method of germination was also used. This method is 
equally as good as the last one deseribed and is as follows. 
Plaster-of-paris plates about six inches square and one inch thick | 
were covered with dempened cloths 2nd placed in a covered tub. 

The seeds were placed on these cloths. By this method I was en- 
abled to use a much larger number of seeds and consequently run a 
considerable series under identicsl conditions. 

The plates could be easily sterilized by heat and were more 
convenient than the towling which had to be stretched over the pans 

Untreated seeds, by a series of tests, demonstrated the me- 


thods of germination to be very satisfactory. 


3.- Tests for percentage of germination. 


The following varieties of peas were used in the experiments. 


Ee a I RO EE SI OEE 
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Canada field peas were first used. The seeds were soaked 
jin distilled water for 24 hours and then placed in germinating 


pans with the following results: 


Tests No. Seeds used. G% I 
1 200 G25 ° 9 1.07 
2 200 97.0 Bar 
2 100 97.0 2.6, 
OF wk 1.83 Gen. Aver 


White Marrow-fat peas were soaked in distilled water for 
24 hours and then placed in germinating pans with the following 
results: 
Test No. Peas G% I 
1 300 96 1.662 
Telephone Peas were soaked in distilled water for 24 hours 


and then placed in germinating pans with the following results: 


Test No. Seeds 6% t 
1 200 96 1.32 


II.- Discussion of Experiments and Results. 
L.- Canada Field Peas. ni 
(a)- First Series.- The following are the results of a 
series of experiments to test the germination of the Canada Field 
pea after having been soaked in solutions of common salt, 1 per- 


cent to 35 percent for 24 hours. 
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TABLE III. 


6% I a: 4 6% z o.. & 


97.78 2.02 1.0065 29 5.15 2.6 1.22 


ww eR SB 


90.48 2.44 1.012 20 5.15 35.8 1 dtd 


59.31 3.4 1.019 21 8.24 2.25 1.125 


OI 


32.86 3.71 1.025 22 6.18 3.5 1.132 


22446 5.77 1.052 29 Reed 1.28 1,157 


13.5 4.67 1.0358 24 8.24 2.77 1.144 


13 249 2.00 1.047 25 10.03 2.00) Bett 


Oo ms A Unt! lume 


12.56 2.00 1.051 26 9.27 2677  2.LS7 


9 11.33 2-18 1.0575 er 10.4 1.8 1.164 — 


10 11.33 2.18 1.066 ,....48, 12.36 meen LeLtO 


a 5.15 2.8 1.070 29 12.356 Dieta «Lh © 


12 6.18 2eL6 1.067 50 10.35 Sobe ( ke kbs 


13 6.18 2.16 1.075 31 13.4 2e20 1.196 


14 4.12 4.5 1.080 $2 24.9 2.55 1.202 


15 11.353 3.72 1.089 33 20.6 BeSS. 1.209 


26 3.09 266 1.093 54 27.8 2.07 , 1.215 


a 5.15 2.00 1.098 ob 51.8 1.6 1.221 
18 6.18 1.66 1.106 


The results recorded in table III agree very closely with 


those of Vandevelde. This is clearly brought out in the graphs 


represented in Plate I. 

The increased time before germination of seeds soaked in 
salt solutions from 1 to 6 % is due to the lower temperature at 
which these seeds were kept for germination. Time did not allow 
a repetition of these experiments. | 


_All seeds that failed to 


ao 


7. 


of time and still remained firm were soaked for 24 hours in tap 


water and placed under favorable conditions for germination. 


The following table shows the results of three tests of 25 firm 
seeds each, after they had been in a saturated solution of salt 


for 24 hours. 


Table IV. 
Tests 6% I 
1 95 ack: 
2 95 1.28 
5 100 1.2 


This table shows, as has already been stated, that germination 
takes place the same as though the seeds had never been soaked in 
NaCl solution. In the solutions of high concentration the number 
of seeds germinating depends entirely upon the number that fail 
to take up the solutions because of the impermeable nature of the 
seed coats. The coats of a complex sample of seeds vary widely 

as to the nature of the seed coats. 

The experiments show very clearly that in solutions above a 
certain concentration the number of seeds capable of germination 
depends upon the number of firm seeds in the solution after soak- 
ing for 24 hours, i.e., the number whose membranes are impermeable 
to the salt solution. 

Plate number II shows this solution to be between ten per cent 
and eleven per cent, and after this concentration is passed the 
number of seeds that will germinate corresponds very closely with 
the number of firm seeds in the solution after soaking for 24 


hours. 


8. 


The irregularieties in the curves, I believe, can be explain- 
ed by the fact that the seed coats impermeable to salt solutions 
show a variable permeability to water. In placing such seeds 
on plaster blocks for germination, those only whose coats are 
readily permeable to water, swell and germinate. 

The graphs on plate number 3 represents the results as tab- 
ulated in table number V. This shows that the seed coats less 
permeable to NaCl solutions will admit sufficient water for ger- 
mination when immersed in it for 24 hours. 

The following table shows the number of firm seeds per hundred 
and the germination. These were taken from solutions of common 


salt varying from 1% to 35%. 


TABLE V. 

q H. Seeds. G% % H. Seeds. G% 
1 6 6 19 10 4 
2 6 

3 1 

4 3 

5 5 

6 

7 

8 

9 

10 

11 

12 


=) 
es) 


9, 

4 S, 8. G% o, a. 8. G% 
14 6 5 B2 27 23 
15 12 11 33 22 20 
16 4 3 34 22 22 
17 8 6 35 45 Aa 


2000 Canada Ficld peas soaked in distilled water for 24 
hours showed that 1% are impermeable to water. 

224 seeds that failed to swell in salt solutions of from 
21% to 35% were taken from the solutions and soaked in distilled 


water for 24, 48, 72, and 96 hours with the following results: 


Table VI. 
Time in hours Seeds swollen Total seeds Total remaining 
: + ‘figm, 
24 148 
48 26 
78 19 
96 16 209 LS 


Of this number the coats of 15 were impermeahle to water 
even after 96 hours. ‘The above number (234) were all of the 
firm seeds obtained from 1500 peas soaked in salt solutions of 
from 21% to 35%. ‘The number (15) remaining firm after being 
soaked in water 96 hours is the same percent (1%) as found in the 
preceeding experiment. 

(b) Second series.- New Canada Field Peas were obtained 

together with White Marrow-fat and Telephone peas. 

The germination tests were about the same for the fresher 


peas as they were for those of the first used. 3 soaking 


Pa AL 


i : ip 
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these peas in distilled water 24 hours I failed to obtain any 
hard seeds as in the first Canada Field peas previously used. 
The following table shows the results obtained by soaking seeds 


for 24 hours in salt solutions. 


TABLE VII. 
% G% I Ss. G. % G% I S. G. 
i 96,8. . 1.6 | 1.0068.» ie Gi 6 “eaten 
eae) 8a. k.01ke -P oe) 8. chee 
“a, i ae Pe ane Oe | Be 5.8 YRS 
e S605 Aye Fa.oseh 6h S53 8.3 1.184 
Spa Baewore? sey) S55 4.0 2261p 
ES Ce a a 
7 0 CT ae | ee oe Oe ee 
8 0 @ L.eds5 . 20 8.0 4.0 1.179 
9 0 So Wemes7) ey aso 3.1 1285 
10 0 0 1.058 ee eee , 5.6 2.298 
. 11 0 0 1.062 32 oe.0°: S.1~ Deds6 
12 0 0 1.069 $5 «37.7 3,6 1.198 
ot 0 ee FO oe o6s6.5 5.1 anaes 
14 0 p> Beet a5 WAD.S | B22, giaee 
15 1 ee 


It is seen from this table that all of the solutions are 
more or less injurious. From the 5% solution all of the swelled 
seeds are killed. In 15% solutions we obtain one per cent ger- 
Carnation: in 17, two per cent and in 18 five per cent. All -of 
the seeds swelled oe. te fifteen per cent solution. In higher 


concentrations about 1% of the seeds soaked in salt solutions 


Se edtnediemnathdinaatieaad 


“si | vis: sie 


ry) ates ee det ey abe a 


igs Gate te ag - 
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failed to swell. This remained about the same at 16% ana 17% 
solution, but arose to 5% in the 18 per cent solution. 

If the seeds are soaked for 24 hours in tap water after 
soaking in salt solutions the time for germination is much reduc- 
ed and the number of seeds to germinate is much higher. This is 
clear from the table that follows: 

Table VIII. 


% 6% I Ss. Gy % G% I $2.4; 
L' 98.9 1.4 1.006 15 ¥.0n 1.0 1.098 
2. 9b pie 1.D12 16 0 0 1.103 
3 65.0 1.5 TOL 17 2 1 1820 
4 46.4 V8 1.022 18 5 si 1 aay 
£416: 0 pa 1.028 Gtn0 18.55 “1.5 1.154 
6 0.0 2.0 1.036 Souk 36.4), 1,1 1.161 
7 0.0 0 1.042 ome 1955) 3,1 peep ey 
8 0.0 0 1.048 280 26400" P21 1,195 
9 0.0 0 1.053 Gee eee. * «Lt 1.178 
10 0.0 9) 1.061 Bens 2F.e 1.6 + 1.495 
11 0.0 0 1.069 5 S550) 1,7 1.195 
12 0.0 ) 1.077 Bey SSPTS-) 61,49 WR Eas 
13 0.0 0 1.085 S54 SEs UP 1.198 
14 0.0 0 1.091 BA) 49,4) 144 1.198 


2.- White Marrow-fat peas.- 
The following table gives the results of soaking white 
marrow-fat peas in common salt solutions for 24 hours and then 


placing them in a pan to germinate. 


er eee 


TABLE IX. 
% 6% I Ss. G. % Gh I 5. @. 
1 90.0 2.8 1.006 14 Gey) 2 8 1.10% 
2 72.4 2.2 1.D12 15 1.0, 4,5 1.098 
3 99.60. Bek 1.017 16 652. 4.3 Y, E6 
4 16.0 ae 1.022 17 Bie 6.0 %.11¢ 
5 5.0 Pa 1.028 18 8.2 4.0 1 27 
6 4.0 2.8 1.036 25 16.4 4.4 1.154 
” 5.0 3.0 1.042 26 14.4. 4,2 1.161 
8 4.0 3.0 1.048 27 17.5 3.7 1.170 
9 3.0 3.0 1.053 28 26.3 3.0 1.175 
10 3.0 2,0 1.062 29 a¥.1i 5.9 1.178 
11 5.0 2.0 1.069 30 28.9 4.0 1.183 
12 4.0 2.5 1.077 31 eed: 6 S.8 1.191 
13 4.0 4.0 1.085 35 $5.0 $3.85 1.198 


This table shows some interesting results and in general ea- 
grees with the results obtained by Vandevelde. Plate Number 
6 represents the curve of germination. There were some sesial 
in each solution that failed to swell after soeking for 24 
hours in common salt solution. After passing the 4% solution | 
the number of seeds germinating never exceeded the number of 
firm seeds taken from the solution. This shows that all 
seeds that swell in salt solutions above four per cent are 
killed. 

When the White marrow-fat peas were soaked in tap water 
for 24 hours after taken from the salt solutions, a much 
better and quicker germination resulted, as seen from the fol- 


lowing table. 


13. 


TABLE X. 

4 6% Te poy Be chs G G% Z ea} 
1 95.8 1.8 1.006 14 5.2 D4 1.085 
2 75.0 %¥ 1.012 15 Sek 2.0 1.098 
3 37.5 a9 1.022 16 5.2 2.0 1.103 
4 18.7 166 1.028 17 5.2 1.4 1. Uhd 
5 6.85 1.3 1.032 18 8.3 2.0 1.1175 
6 5.2 2.0 1.036 25 21.8 13% 1.154 
7 rie 1.0 1.042 26 21.8 oA 161 
8 5.2 1.0 1.048 27 21.8 1.6 1L.2¥O 
9 5.2 1.3 1.053 28 28.0 1.7 1.075 
10 Soi 1.3 1.059 29 31.2 2.0 1.178 
11 S.0 1.0 1.062 30 28.0 1.5 1.183 
12 4.1 1.5 1.069 31 32.2 1.5 1.191 
13 4.1 1.0 1.079 


This table is represented in the curve of plate number 7. 
It shows the same general tendency of high germination in the low 
per cent solutions, a rapid falling off to five per eent then 
remaining nearly constant to 18 per cent. 

Since large numbers of seeds were required in order to make 
sure of correct results it was thought best to discontinue this 
series of experiments at 18% solution and go to 25% solution. 
The curve shows a considerable rise in germination from 18% to 
25%. 

The dotted line shows the probable rise in germination be- 
tween these two solutions. At any rate it is safes to say that 


the rise in germination is rather rapid between these two solu- 
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tions end remains quite wniform until 31% solution is reached. 


Here the experiments were discontinued for this series. 


3.-Telephone Peas. 
Telephone peas were also tested for germination after 


being soaked in salt solutions of various concentrations as 


follows: 
TABLE XI. 
% Gh I S. G. G G% S$. G. 
1 90.6 Bey: 1.006 14 0.0 0.0 1.091 
2 88.0 1.3 1.012 265 2.0 3.0 1.098 
3 as 23 1.017 16, 56.0 0.0 1.103 
4 Aste WAY 1.022 Fi 8 0.0 1 106 
5 8.3 2.5 1.028 18) i, 0 4.0 p iene 
6 0.0 0.0 1.036 25. BxO 3.0 1.154 
” 0.0 0.0 1.042 26 (ee Sind 520- del 
8 0.0 0.0 1.048 ch Sen ge 3.0 15170 
9 0.0 0.0 1.053 oon 3.0 2.6 WA76 
10 0.0 0.0 1.060 on .2 3.0 1.178 
11 0.0 0.0 1.069 50 869.43 4.0 1.183 
12 0.0 0.0 1,077 5 nt: 4.0 1.191 
13 0.0 0.0 1.085 35 16,5 3.5 1.198 


From this table it is evident that one and two per cent solu- 
tions have little effect on germination of the seeds, that germin- 
ation decreases very rapidly, and from 6 to 15% solutions all 
germs are killed. me per cent of the peas soaked in 15% solution 
germinated. In a 16% solution and a 17% solution no seeds germin- 


ated. The number germinating after soaking in solutions of NaCcl 
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from 18 to 30% was practically constent. The curve representing 


this table is seen in plate 8. 


III.- Summary and Conclusion. 

We may thus agree with Vandevelde, that dilute solutions are 
easily absorbed; the more concentrated the solution, the smaller 
the power of diffusion. In a saturateé solution some of the 
seeds do not swell and these are the ones that are found to ger- 
minate. 

We find, also from the results here tabulated, that the per- 
meability of the seed coats varies some-what with the variety of 
peas used in the experiments, and after a certain per cent solu- 


tion is passed all seeds that swell are killed. 


= 


a 


xy a ; sd ad 
thts A f 


SG a SS oe ee 


ve af 
\F My 


as TT ry r 2 eae Ee a 
ee ee as a ee : 
iad aa ani . ' fil 
ae . 

j 4 a 
Seer ceeberesseeectorer 

ae t EEE 4 3 
geecgupuenectseaeuezen 

© 

tH] 4 @ 

A Can 

FE A A a 

ie ‘ri od 

HAE | © 

1h bee 5'S 

hae b || 

Bal PARA 


BESeS 
ines 
G 


Ae 
ime B- 
oe 
mel 4 
Hl So 
Be 
A 
33 
a \- St ei 
Hf HEN sits eel up bo 
ES Cg 
See et rt ree ent et Pe Hee cert 8 8 
2 te A oe HEE mae 


HH 


Hint 
HELE 
BREET TE A 


— Curve represent 


Soe Curve re 


; 


1HOIS 


~ 
sel 
_— 
— 


EeeeeeeeeereneeEEe eee 


: pre teorbrd inet ALLL pot bss | (big bp 
q i itp 4 : +} t | 
ca 2H BE Cee HASSE EE MAE ra NH i: t 


Gist. 


U. OF 1.5.5. FOR 


ing see 


i 


Hit 
Oo. of germinat 


Tr 
‘’ 


Heit 
Hie 


TI 


tate pte 


++ 


ro 


U. OF I. S.S. FORMS 


No. H. S. per hundred. 


Se 


> 


a 


FORM 


svete as re on bear desea de ae. } firsts ee 


» OF 1.8.8. 


a “d 


Hei 


6% curve. 


series, 


end. 


i 


Bases: 
> 
_ 


Cte 


Canada ans 


“y - , ~ y fi 
ree bt 


iL 


EPP 
oa 


HH 
He} 
+ 
itt 


ee Ha 


SebEstaras 


oo 


(f°? 


ane 


Se eae airs 


Be 


Hert 


at 


neue 


U. OF 1.8.5. “OAM 32 


1t solut 


in sa 


10nS 


i 
as 


4 hrs 
iss 


a 
9 
i) 

a 

—e 


ae % 


‘ 


peas soaked 


ield 


Curve showing 6% of Canada f 


and 24 hrs 


G%Z= ordinates 


in tap Ee90. 


=< 


i St RA NR OE 


erties ce : FF / P Hy eee 


es ae ee 


U. OF I. S.S. FORM 3 


ney 


ane 


1274 


P+ 
1ssas. 


abe 


bm 


inates,. 


ord 


sa 


EN Pe 
Sea 
Efe a 


3 ia + | H i wa 
SESH ERESY EEEeaaais bse: itt 


Ge 


ite Merrow Peas. 


= 


; Wh 


7 ee ee ee 


so 


.25 he... , _—— ms ga 
i is 


5 


U. OF |1.S.5, FOAM? 


sive 


y 


TS ess 


im 
~ Sy 


a oa 
Ly 


as 


c 


ae cone ) 


ELA 


n 
& 
fe, 
<j! 
GQ 
re! 
8 
na 
q 
fo) 
42 
3 
co 
ro) 
mM 
4 6 
an 
oS 8 
nN 
02 
Sen 
‘d © 
rQ 
ae 
# || 
Se 
st 
CQ 
© a 
Ad ® 
Gp 
O08 
ad 
led 
ae 
nH 
a8 Oo 
® 
A || 
PP | 
oo 
G4 
E 
Oo; see 
HO 
H 
as 
o 
pp 
85 


af 


a Pa ; bite 
B I ae 
ey ee 4 er 
i 6 ref Me 4 G? 
: ak { 
a 
. 


= oie 


Pee eee 


U. OF 1.5.5. FORM 2 


1858as. 


am 
§ 
- 


isp) 
nN 
Hi 
Lo 
a! 
na we 
2 
9) 
a 
PY 


=abe 


ese OH Pas “ - ip : 
ork, y eae "my YY 
BI PRS, Fae. 

: i 7 oo . * 
WS: 4 ‘ ys hi 

ho nae or. 


¥ 


: 
Berne S ua - z < Solel oo is ae IN 
dy ** " oe er > — el S aefy 
o< ere oy ae ere ae - a qj 
* fer $ ay) 1% yw at MR 7 i 
re: ee » PRS FS Dl, ogee a . N Sie” SS 
Sa ' ae * We aS 7) ‘s 2 
REY ae. : Nh, i <= Shs LASah ttm He 
, B i ae DW Ogre . . 
ie x ., * +3 S Wie M/s eh * Ne RO 7k Dial BS 
Br os Py) = * + 4 * (Oo loa 4 wf %)° AS 
tees % : > RSs ° eo, ES i 
OSS P t o Re 2 - Se ~ Set site » 
ll y, Ne 5 : a ow 


E yaa “a can ~) SSNS r = Ne’ : eae 
Se a ae A aN SER 
Fg PRS ONY apa wy ERS 


